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impact  toughness  values  of  18-20  ft-lb  were  developed  in  billets  of  this 
material,  4  inches  in  diameter.  The  results  of  this  study  demonstrate 
that  hot  isostatic  pressing  of  low  alloy  steel  powder  can  be  utilized  to 
produce  high  quality  components  for  critical  applications  which  will  benefit 
from  near-net  shape  manufacturing  techniques. 
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The  objective  of  this  work  is  to  select  candidate  high  temperature  resins 
and  develop  fabrication  techniques  for  making  concentric,  graphite  fiber- 
reinforced  composite  tubes,  bonded  to  the  outside  diameter  of  steel  tubes. 
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tubes  up  to  temperatures  of  at  least  500°F. 
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This  Phase  I  report  describes  the  results  of  initial  evaluations  that 
were  necessary  to  accomplish  this  objective.  These  included: 

1)  evaluation  of  methods  for  surface  preparation  of  the  steel  and 
the  use  of  adhesives  to  promote  higher  bond  strengths  between  the 
steel  and  the  composites;  2)  initial  selection  of  candidate  resins; 

3)  development  of  suitable  composite  fabrication  methods;  and 

4)  measurements  of  the  elastic  properties  and  bond  strengths  of 
the  fabricated  composites. 

The  candidate  high  temperature  resins  that  were  selected  for  these 
preliminary  evaluations  included  one  bismaleimide  and  three  different 
types  of  polvimides. 
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Edges  of  objects  setting  on  or  within  a  flat  terrain  can  be  defined  by  the 
slope  or  gradient  change  occurring  at  the  edge.  A  simple  estimate  of  slope 
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detecting  edges  in  order  to  differentiate  between  actual  edges  and  noise 
effects.  In  this  report,  results  are  presented  which  describe  the  effects  on 
minimum  detectable  slope  change  of  (1)  noise  levels,  (2)  probability  of  miss, 
(3)  probability  of  false  alarm,  (4)  spacing  of  the  measurements,  and  (5) 
random  distribution  of  edges  near  range  measurement  points. 
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A  design  method  has  been  developed  to  determine  the  fatigue  life  of  thick- 
walled  autof rettaged  cylinders  containing  outside  diameter  (0D)  notches  which 
act  as  failure  initiation  sites.  The  method  uses  local  strain  analysis  for 
fatigue  crack  initiation  and  fracture  mechanics  analysis  for  crack  propagation 
to  failure.  The  method  is  relatively  easy  to  program  and  thus  can  be  used  to 
optimize  cylinder  designs  with  respect  to  0D  initiated  failures.  The  computer 
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program  developed  requires  only  minimal  input  to  estimate  life:  cylinder 
dimensions,  notch  depth  and  root  radius,  internal  pressure,  and  material  yield 
strength.  Other  material  properties  (low  cycle  fatigue  data,  fracture 
toughness,  and  crack  growth  law)  are  permanently  stored. 

The  program  calculates  the  elastic  stress  concentration  factor  using  a  Neuber 
diagram  as  a  default.  If  the  elastic  kt  is  known  from  other  sources,  this 
feature  of  the  program  can  be  overridden.  The  stress  concentration  factor  is 
used  to  calculate  notch  root  stresses  from  which  local  strains  are  estimated. 
Once  the  local  strains  are  known,  crack  initiation  life  is  estimated  using  the 
stored  low  cycle  fatigue  data.  A  crack  is  then  assumed  to  exist  and  a  power 
law  is  integrated  to  determine  crack  propagation  life  to  failure.  The  total 
life  is  the  sum  of  the  initiation  and  propagation  lives. 

The  applicability  of  the  design  method  is  demonstrated  by  using  it  to  predict 
the  total  fatigue  lives  of  existing  cylinder  designs  with  measured  fatigue 
lives.  The  method's  predictive  capability  is  very  good  to  conservative.  In 
no  case  was  life  substantially  overestimated.  In  addition,  a  design  example 
is  presented. 
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In  recent  years,  the  authors  have  investigated  some  of  the  fundamental 
theoretical  physical  limtations  imposed  on  ultrasonic  array  performance.  This 
has  led  to  the  extensive  study  of  energy  trapping  as  one  means  of  enhancing  the 
spatial  confinement  of  element  radiation  in  the  array.  In  this  report,  we 
describe  a  system  designed  to  explore  the  quality  of  the  images  produced  by 
practical  trapped  energy  mode,  hybrid  trapped  energy  mode,  and  other  types  of 
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arrays.  The  system  implements  a  256  channel  parallel  set  of  A/D  and  D/A 
converters  for  attachment  to  an  arbitrary  array.  All  256  channels  operate 
simultaneously  at  a  maximum  sampling  frequency  of  10  MHz.  Hence,  the  total 
throughput  of  signal  samples  reaches  2.5  billion  samples  per  second  in  a 
"burst"  mode.  The  multiple-ported  DRAM  memory  has  1x10 6  bytes  of  local  high 
speed  storage.  Since  all  of  the  input  and  output  signals  are  in  digital  form, 
a  wide  variety  of  image  processing  techniques  can  be  employed.  For  example, 
from  a  single  pulse,  it  is  possible  to  reconstruct  the  two-dimensional 
hologram  of  the  ultrasonic  imaging  using  fast  digital  hardware.  The  images 
can  also  be  prepared  by  pulse-echo  techniques  using  the  same  system. 
Transmission  from  one  portion  of  the  array  and  monitoring  the  signal  in 
another  portion  simultaneously  to  detect  interelement  coupling  is  possible. 

In  this  way,  all  of  the  key  array  parameters  can  be  controlled  and  calibrated. 
Because  of  the  D/A  capability  of  the  system,  various  signals  can  be 
transmitted  from  each  array  element, ' thereby  permitting  focusing  and  design  of 
optimum  probing  signals. 
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An  automated  inspection  system  is  described  for  detecting,  imaging,  and 
classifying  flaws  in  cannon  billets.  The  first  phase  of  the  project  has 
produced  a  flaw  detection  system  capable  of  triggering  rapidly  and  reliably 
on  flaws  down  to  one-fourth  inch  in  cross-section  in  billets  up  to  18  feet 
in  length  and  22  inches  in  diameter.  This  portion  of  the  system  has  been 
optimized  for  low  cost,  high  speed,  simplicity,  and  maintainability  utilizing 
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many  commercially  available  components  with  a  minimum  use  of  one-of-a-kind 
electronic  interface  boards.  It  is  a  versatile,  programmable  stand-alone 
unit  capable  of  scanning  one  billet  every  half  hour.  The  second  phase 
system  is  designed  to  considerably  enhance  the  images  of  flaws  which  have 
been  detected  and  located  using  the  first  phase  system  by  providing  a  much 
larger  ultrasonic  array  aperture  and  digitizing  capacity.  The  resulting 
hardware  is  capable  of  both  quasi-optic  lens  processing  and  digital 
holography. 
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The  determination  of  residual  stresses  in  autof rettaged  gun  barrels  has  been 
considered  by  many  investigators  using  different  mathematical  methods  and 
material  models.  Most  of  the  earlier  solutions  were  based  on  the  assumption 
that  the  material  behaves  elastically  on  the  release  of  the  autof rettaged 
pressure.  However,  many  materials,  particularly  the  quenched  and  tempered,  low 
alloy  steels  generally  used  for  high  pressure  vessels,  exhibit  a  significant 
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Bauschinger  effect.  In  a  recent  paper,  this  author  presented  a  closed-form 
solution  of  residual  stresses  In  autof rettaged  tubes  based  on  a  theoretical 
model  considering  the  Bauschinger  and  hardening  effects  during  unloading,  but 
neglecting  the  strain-hardening  during  loading.  A  more  general  theoretical 
model  without  this  restriction  was  proposed  earlier,  but  only  part  of  the 
final  results  were  shown.  In  the  present  report,  the  complete  method  of 
stress  and  deformation  analysis  based  on  the  general  theoretical  model  Is 
stated.  The  new  model  Is  a  better  representation  of  the  actual  loading/ 
unloading  behavior  In  a  high  strength  steel.  The  Bauschinger  effect  factor  Is 
treated  as  a  function  of  overstrain.  The  strain-hardening  effect  Is  taken 
Into  account  with  different  parameters  used  for  loading  and  unloading 
processes.  .The  formulas  for  calculating  stresses,  strains,  and  displacements 
are  given.  The  new  results  Indicate  that  the  Influence  of  the  Bauschinger  and 
hardening  effects  on  residual  stresses  Is  significant.  A  comparison  with  two 
experimental  results  has  been  made. 
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The  purchase  of  a  computer  aided  design  (CAD)  system  for  Benet  Weapons 
Laboratory  required  the  use  of  a  set  of  demonstration  problems  which  potential 
contractors  would  be  asked  to  perform  on  the  different  systems.  One  of  these 
was  to  be  a  finite  element  stress  analysis  problem  which  would  not  be  difficult 
or  time-consuming .  However,  It  did  have  to  demonstrate  a  mesh  generation  in 
three  dimensions.  The  problem  selected  was  a  thln-walled  cylinder  with  a 
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single  hole  at  mid-length  and  loaded  with  a  simple  axial  tension.  This  report 
is  an  outline  of  the  work  done  to  define  this  problem  and  demonstrate  a 
typical  solution  to  it. 
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A  atudy  has  been  made  of  the  cyclic  fatigue  fracture  behavior  of  single-edge 
notched  specimens  of  4340  type  high  strength  (yield  stress  160  Ksi)  and  alloy 
steel  of  low  strength  (yield  stress  100  Ksi)  with  and  without  a  fatigue 
precrack  tested  in  liquid  lead  and  argon  at  700°F.  The  high  strength  steel 
specimens  were  severely  embrittled  by  liquid  lead  with  stress  intensity  at 
fracture  some  two  orders  of  magnitude  lower  in  liquid  lead  than  in  the  argon 
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environmeaC.  The  embrittlement  susceptibility  was  the  same  for  both  the 
notched  specimens  and  for  the  specimens  that  had  a  fatigue  precrack  at  the 
root  of  the  notch.  On  the  other  hand,  identical  as-notched  specimens  of  low 
strength  steel  were  immune  to  lead  embrittlement.  However,  when  these 
specimens  were  fatigue  precracked,  they  were  severely  embrittled- by  liquid 
lead.  This  variation  in  susceptibility  to  embrittlement  is  discussed  in  terms 
of  the  prevalent  "reduction  in  cohesion”  mechanism  of  liquid  metal  embrittle¬ 
ment.  The  implications  of  these  results  in  determining  the  embrittlement 
susceptibility  or  elimination  are  also  discussed. 
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used  for  calculating  Jjc  from  the  J  versus  unloading-compliance  crack  growth 
plots:  the  linear  fit  procedure  from  E813  and  a  power  law  fit  with  a  0.2  mm 
offset  value  of  J£c. 

Based  on  the  results  of  these  various  procedures,  conclusions  were  reached 
regarding  the  most  consistent  measures  of  fracture  toughness  from  these  data. 
Suggestions  were  given  regarding  the  use  of  effective  modulus  with  unloading- 
compliance  measurement  of  crack  growth  and  the  limitations  of  the  load-drop 
method  for  measuring  crack  growth. 
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cycles  required  co  Initiate  a  crack  at  the  notch.  Crack  initiation  was 
determined  by  ultrasonic  measurement  and  verified  by  visual  examination  of  the 
fracture  surface.  The  notch  root  radius  was  varied  from  about  0.010  in. 

(0.254  am)  to  0.020  in.  (9.508  mm).  This  range  of  root  radius  corresponds  to 
stress  concentration  factors  from  between  3.9  and  5.4.  The  total  fatigue  life 
of  full-size  cylinders  in  this  configuration  is  between  3000  and  5000  cycles. 
Attempts  were  made  to  predict  fatigue  crack  initiation  using  local  strain 
analysis.  The  experimental  results  show  that  fatigue  initiation  life  may  be 
increased  by  about  300  percent  with  increased  root  radius.  Neither  electro¬ 
polishing  nor  glass  peening  showed  any  improvement  over  the  as-machined  notch. 
Further  testing  is  needed  to  determine  if  surface  treatments  affect  fatigue 
life  at  longer  lives.  Also,  the  local  strain  analysis  yielded  a  lower  limit 
prediction  of  the  actual  behavior. 
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